Methicillin-resistant Staphylococcus aureus (MRSA) is multiresistant Staphylococcus aureus (S. aureus) which shows resistance to essentially all β-lactam antibiotics. This resistance of MRSA to β-lactam antibiotics has been attributed to emergence of a low-affinity penicillinbinding protein (PBP-2') encoded by the structual gene (mec A) on genomic DNA in the organism [16] [17] [18] 20] .
The occurrence of MRSA in human medicine was first reported in 1961 in England [3, 11] . MRSA is not only resistant to β-lactam antibiotics but also to some other antibiotics frequently [4] , hence is known as a supermultiresistant pathogen of nosocomial infections. In veterinary medicine, nevertheless, only reported isolation of MRSA was from cases of bovine mastitis and there is as yet no report of its isolation from horses [5, 6] .
Our surveys on antimicrobial drug sensitivity of S. aureus isolates obtained from mares with metritis in Hidaka District of Hokkaido Prefecture between 1985 and 1991 disclosed the presence of MRSA in horses. Since all those MRSA isolates exhibited totally common biologic characteristics, they were considered to originate from the same source of infection and this prompted an epidemiological survey. Result of the present study suggested that the MRSA isolates could be traced to cutaneous infective foci in a stallion.
Materials and Methods
Isolates from metritis: Eighty-two strains of S. aureus isolated from cervical swabs taken from mares with metritis in Hidaka District, Hokkaido, during the 7 years period from 1985 to 1991 were tested for MRSA. All these strains proved to be coagulase-producing grampositive cocci forming clusters and were identified as S. aureus with a commercial identification kit (API STAPH; API System S. A., France).
Bacteriological examination of stud farm: Bacteriological examination was performed on two separate occasions in May and July 1992 at a certain stud farm suspected as a source of MRSA infection. Specimens were collected using sterile cotton swabs from the Fossa glandis, nasal mucosa and skin of the pastern of stallions, nasal mucosa and nails of employees, stalls, soil of passages, paddock and mating lot, grooming tools, therapeutic instruments, and restraining devices. The swabs taken were immediately placed in tubes of Amies transport medium and preserved frozen at 80°C.
Isolation of MRSA: For isolation of MRSA, telluriteglycine-pyruvate broth [7] supplemented with 50 µg/ml gentamicin was used as a selective enrichment medium and egg yolk-tellurite-glycine-pyruvate agar [2] supplemented with and without 50 µg/ml gentamicin as selective media. After thawed, each specimen was centrifuged at 3,000 rpm for 10 min and the deposit was divided into three equal parts and inoculated onto the above-described three types of culture media. The enrichment cultures were incubated for 18 hr at 37°C, and small amount of the growth was then inoculated onto the selective media containing gentamicin. All the inoculated selective media were incubated for 48 hr at 37°C.
Identification of isolates: Pure cultures from 800 colonies of isolates suspected as S. aureus on selective media were set up and the organisms were tested for coagulase production using rabbit plasma. Coagulase-positive strains were subjected, after confirmed to be grampositive cocci, to species identification using API STAPH (API System S. A., France). MRSA was determined by antimicrobial sensitivity tests and demonstration of mec A gene.
Antimicrobial sensitivity tests: Isolates were screened for MRSA test by the diffusion method using methicillin sensitivity discs of 30 µg potency (Showa Yakuhin Kako Co., Ltd., Japan). Antimicrobial susceptibility of the isolates was determined by the agar plate dilution technique [1, 8] according to the standard method of the Japanese Society for Chemotherapy using 15 commercial antimicrobial agents with defined potencies.
Characterization tests: Isolates were tested for β-lactamase production using BETA-LACTAMASE (E-Y Laboratories, CA, USA). They were also tested for resistance to β-lactam antibiotics under inactivation of β-lactamese, by MIC assays for penicillin G with the microbroth dilution technique [9] according to the standard method of the Japanese Society for Chemotherapy in cultures containing clavulanic acid (CVA) at a final concentration of 2.0 µg/ml. For detection of mec A gene, the polymerase chain reaction (PCR) test described by Murakami et al. [13] was employed. Phage typing of the strains was carried out as described by Shimizu et al. [14, 15] . The method of Ushioda and coworkers [19] was used in the coagulase typing of S. aureus isolates using immune sera for staphylococcal coagulase typing (Denka Seiken Co., Ltd., Japan). For enterotoxin typing of the isolates, the test was performed according to the method of Igarashi et al. [10] with a commercial staphylococcal enterotoxin detection kit (Denka Seiken). Test for TSST-1 production was made as described by Igarashi et al. [10] using a commercial staphylococcal TSST-1 detection kit (Denka Seiken).
Results
Eighty-two S. aureus isolates from mares with metritis during the 7-years period from 1985 to 1991 were screened with methicillin sensitivity discs, and 15 isolates were found to be resistant to this antibiotic (Table 1) . These methicillin-resistant strains included an isolate obtained in 1989, 6 isolates in 1990 and 8 isolates in 1991 but none in 1988 or earlier.
The 15 methicillin-resistant strains, showing a moderate production of β-lactamase, exhibited resistance to penicillin G (MIC: 16-32 µg/ml) even after inactivation of β-lactamase with CVA. All these strains were found to possess mec A gene proper to MRSA as assessed by PCR test.
Antimicrobial sensitivity tests with 15 antibiotics revealed that all the 15 MRSA isolates showed essentially the same patterns of sensitivity ( Table 2 ). The organisms showed MICs of 25-100 µg/ml for methicillin and were found also to be resistant to other β-lactam antibiotics. They were also resistant to erythromycin, tetracycline, streptomycin, kanamycin, gentamicin and amikacin. All these MRSA strains were of phage type III, coagulase type IV and enterotoxin type A, and non-TSST-1 producing.
Review of the mating history of the 13 mares with the positive cultures of MRSA disclosed that 11 mares had developed signs of metritis after mating, and these mares except one were served by the different stallions from a stud farm (farm A: Table 3 ). Two of the 13 mares were not known their mating history.
On two separate occasions, May and July 1992, bacteriological examinations were performed at farm A. Of the 225 specimens collected from stallions, employees and their environment, two specimens from skin lesions in the hind leg of the same stallion (stallion A) were MRSA positive (Table 4) . But there was no record of mating of any of the MRSA-positive mares with stallion A.
The two MRSA strains isolated from the cutaneous lesions in stallion A were found to be identical in antimicrobial sensitivity and biological characteristics with those of the 15 isolates from the metritis cases (Table 5 ). stallion at farm A contaminated the environment within that farm, eventually causing indirect infection in the reproductive organs of the mares received for mating. MRSA was no longer isolated from stallion A following completion of treatment of the cutaneous lesions, and no MRSA has been isolated from diseases in horses in Hidaka District since 1993.
It has been reported by Shimizu et al. [15] that most S. aureus isolates from horses in Japan are of coagulase type II, IV or VII and of phage type I or II. On the other hand, MRSA isolated from humans in 1980's in various countries were frequently of phage type III, coagulase type IV and enterotoxin type A [12] . It would follow that the present series of MRSA obtained at farm A might originate not from horse but from human. Another possibility might be that the organism intruded from abroad via a contaminated imported horse.
Discussion
The 15 strains isolated from metritis and the two strains from cutaneous lesions of horses were all found to have mec A gene and proved to be resistant to almost β-lactam antibiotics tested. These characteristics are same as those reported for MRSA isolates from humans [13, 20] ; thus the present series were considered to share the same drug resistance mechanism in common with the latter.
All the 15 MRSA isolates from metritis were noted to be concordant in respect of antimicrobial sensitivity pattern, phage type, coagulase type and enterotoxin type irrespective of the year or site of collection. This strongly suggested that these strains might originate from the same source. Of the 13 mares from which the organisms were isolated, 10 mares had mated with different stallions at the same farm, of which 9 mares developed metritis after mating at farm A. In the other mare, an MRSA was isolated after mating at a neighboring stud farm. The mating history of the remaining 2 mares is not known. These findings suggested that the MRSA infections arose not from mating with any particular stallion but possibly via exposure to a particular stud farm, i.e. farm A.
In two bacteriological examinations performed at farm A, no MRSA was isolated at all from the reproductive organs of stallions, employees or environmental specimens while MRSA isolates obtained from skin lesions of a stallion in that farm were identical in biologic characteristics with those from metritis. Although mares mated with this stallion did not develop metritis, the cutaneous disease had been chronically progressing over the past few years and appeared likely to have served as the source of MRSA infection in the present series of metritis cases. It was inferred therefore that a persistently infecting MRSA in the skin lesion of the hind leg of the 
